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(54) ISDN callback device for testing telephone line. 



(57) An ISDN callback device installable in a tele- 
phone network facility, and configured to pre-qualify and 
test ISDN telephone circuits, that either relatively up- 
stream of the ISDN callback device (toward a central 
office line card), or relatively downstream of the ISDN 
callback device (toward a network termination, such as 
a craftsperson's test set or customer premises equip- 



ment). The ISDN callback device contains two, individ- 
ually controllable communication/test interfaces, one of . 
which is operative to emulate a subscriber premises IS- 
DN terminal device, in a network termination (NT1-TE) 
mode of operation, and the other of which is controllably 
operative as either a network termination (NT1-TE) 
mode circuit, or a line termination (LT) mode circuit. 
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Description 

The present invention is directed to communication 
systems and is concerned with an ISDN callbacl^ device 
that is installable in a telephone network facility, and may s 
be readily communicate with the portable test set de- 
scribed in the above-referenced, co-pending Soto et al 
application. The ISDN callback device of the invention 
is configured to pre-qualify and test ISDN telephone cir- 
cuits, that may be either relatively upstream of the ISDN io 
callback device (toward a central office line card), or rel- 
atively downstream of the ISDN callback device (toward 
a network termination, such as a craftsperson's test set 
or customer premises equipment). 

Accompanying the current demand for digital sign- is 
aling loop (DSL) services, particularly those transporting 
integrated services digital network (ISDN) signals, is the 
need for equipment through which the telephone lines 
carrying such signals can be prequalified prior to being 
placed in service and, once in service, can be readily 20 
tested to isolate the source of a problem, whether it be 
in the central office or at the customer premises. 

Advantageously, the above-referenced Soto et al 
application describes a portable craftsperson's test set 
that can be readily interfaced with any location along a 25 
communication circuit, and is operative to test the cir- 
cuit, irrespective of the hardware configuration of the cir- 
cuit, (e.g., two-wire vs. four-wire), or the type of signals 
that may be conveyed over the circuit (analog or digital). 
The test set of the Soto et al application has particular 30 
utility in testing the transport capability and performance 
of digital communication circuits, employed for the 
transport of various types of DSL signals, including IS- 
DN signals. 

For this purpose, in addition to circuitry for testing 3S 
the operation of an analog POTS type of communication , 
circuit, the portable test set described in the Soto et al 
application contains digital communications controller 
and associated digital signalling interface circuits, in- 
cluding both 'U' interface and 'S/T' interface circuits, that 40 
are controllably operative to transmit and receive digital 
communication messages over the circuit under test. 
The contents of these digital communication messages 
are defined so as to evoke prescribed responses from 
another 'companion' device, such as like portable test -45 
set, that is coupled to another portion (relatively far end) 
of the communication circuit of interest, whereby a pre- 
scribed operational characteristic of the segment of the 
communication circuit linking the two test sets may be 
tested. The two devices may operate in respective mas- so 
ter and slave modes, enabling a craftsperson using an 
accessing or 'master' device/test set to derive a meas- 
ure of the operational performance characteristic of a 
communication circuit that is coupled in-between the 
pair of devices. ss 

The new and improved portable test set detailed In 
the Soto et al application includes a POTS line interface 
module, containing dial tone detector and DTMF signal- 



ling circuitry, and employed for voice communications, 
DTMF and dial pulse signalling on an analog POTS line. 
It also includes a standard (two wire) 'U' interface chip 
used for ISDN (2B1 Q) signalling. The test set's 'U' inter- 
face chip functions either as a line termination (LT) - em- 
ulating a central office interface, or a network termina- 
tion (NT) - emulating a subscriber premises device. The 
communications architecture of the portable test set al- 
so includes a CODEC coupled via a DTMF link to a 
POTS line interface module. The CODEC is coupled to 
a speaker, and to an earpiece receiver transducer A mi- 
crophone is coupled to the CODEC and to an audio input 
port of POTS line interface module. An auxiliary digital 
RS-232 I/O port may be used to monitor externally pro- 
vided bearer (B) channel Information or to download 
communication control software Into the microcontroller 

According to the present invention an ISDN call- 
back device for controllably testing an ISDN circuit, com- 
prising a first communication Interface having a fi rst port 
to which an ISDN circuit under test is connectable, and 
which is controllably operative as an ISDN network ter- 
mination device to conduct ISDN test communications 
with a test device accessing said ISDN callback device 
by way of said first port, and a second, dual mode com- 
munication interface having a second communication 
port to which an ISDN circuit under test is connectable, 
and which is operable as either an ISDN network termi- 
nation device to conduct ISDN test communications 
over an ISDN circuit coupled to said second port, or as 
a line termination (LT) device terminating an ISDN circuit 
coupled to said second port. 

The present invention includes a method of testing 
an ISDN circuit, comprising the steps of: 

(a) coupling said ISDN circuit to a first communica- 
tion interface which is controllably operative as an 
ISDN network termination device to conduct ISDN 
test communications with a test device; 

(b) accessing said ISDN network termination device 
and causing said first communication interface to 
exchange contents of respective bearer channels 
of said ISDN circuit, so that said respective two 
bearer channels are looped back through a com- 
mon bearer channel transport path; and 

(c) performing full-duplex connectivity BER testing 
of said ISDN circuit by way of said common bearer 
channel transport path of said two looped back 
bearer channels. 

Conveniently, the present invention provides a 
practical communications architecture that is coupled to 
the test tip/ring bus of a central office switch, and is op- 
erative to fulfill the above-described need for readily ac- 
cessible equipment, through which telephone lines car- 
rying ISDN signals can be prequalified prior to being 
placed In service and, once in service, can be readily 
tested to isolate the source of a problem. As wi!! be de- 
scribed, the ISDN callback device of the present inven- 
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tion contains a pair of connnnunication/test interfaces, a 
first (NTl -TE) interface is dedicated to network termina- 
tion mode operations, for emulating a subscriber 
premises ISDN terminal device, in a network termination 
(NT1-TE) mode of operation. The second interface is 
selectively operable as either a network termination 
(NT1-TE) mode circuit, or a tine termination (LT) mode 
circuit, and employs the test tip/ring bus in the switch. 

The NTl -TE mode dedicated interface is a first 'U' 
interface chip coupled to a bearer channel exchange 
unit, that is operative to exchange or 'swap' the contents 
of the bearer (B1 and B2) channels of an ISDN circuit 
under test, so that the two bearer channels may be 
looped back through a common bearer channel trans- 
port path, and allow bit error rate testing of the full ISDN 
information channel bandwidth. The NT1-TE 'U' inter- 
face is further coupled with a CODEC, voice/DTMF cir- 
cuitry and to a supervisory microcontroller The ISDN 
callback device's microcontroller contains a set of serial 
communications controllers, respectively associated 
with first and second ISDN bearer (B1 , 82) channel sig- 
nals, and D channel signals, that are interfaced by the 
NT1-TE mode 'U' interface chip and a second, a dual 
mode (LT or NT1-TE mode) 'U' interface chip. The mi- 
crocontroller is coupled to a data bus for transporting 
parameter data provided by a standard line parameter 
measurement interface card coupled with the test tip/ 
ring bus of a central office switch. 

The 'U' interface chip of the dual mode interface is 
coupled to a second communication port that terminates 
a two-wire pair for testing an 'upstream' communication 
circuit, such as a central office line card, or testing 
a'downstream' communication circuit, such as one con- 
nected to a customer premises equipment (CPE). A (0 
dSm) attenuator is controllably insertable in the two-wire 
link for tone generation. A (48 V) line termination battery 
supply is operative to provide a loop supply voltage to 
the two-wire. In addition, a current sense resistor is pro- 
vided for line current measurements. The current meas- 
ured through the sense resistor is digitized and read, by 
the control processor, it is also stored in memory and 
available to the parameter measurement card. 

The (NT1 -TE mode-associated) CODEC has an an- 
alog output port coupled to a DTMF receiver, the output 
of which is coupled to the communications controller 
100. The CODEC also has an analog input port coupled 
to a tip/ring unit containing line-coupling hybrid circuitry, 
and is configured to provide talk battery for powering a 
remote POTS-based test set that is coupled with the IS- 
DN callback device via metallic tip and ring leads of a 
POTS network line. The ring/tip interface is coupled to 
a DTIvlF receiver and speech synthesizer. The DTMF 
receiver decodes DTMF signals from a remote device 
coupled to the rrng/tip interface into digital format for ap- 
plication to the control processor. Such a DTMF signal- 
ling path allows a remote test set coupled to telephone 
interface to provide control commands into the callback 
device for programming purposes. The speech synthe- 



sizer is used to generate synthesized voice message 
signals to a network access user, such as a field tech- 
nician accessing the ISDN callback device by way of an 
ISDN test set coupled to the dedicated NTl -TE port. An 
5 auxiliary digital (RS 232) I/O port may be used to provide 
digital control and programming of the callback device 
via a digital terminal device, such as portable personal 
computer. 

A second (LT mode/NTI -TE mode-associated) CO- 
10 DEC has an analog port coupled via an audio link to the 
line parameter measurement interface card. Data com- 
munications between the line parameter measurement 
interface card and the microcontroller are conducted via 
a data/address bus to which the bearer channel ex- 
15 change unit. 1 3 also coupled, the second CODEC has a 
digital port coupled to the dual mode 'U' interface chip 
and to serial communication controllers of the microcon- 
troller. 

The default mode of the ISDN callback device of the 
20 present invention is NT1-TE mode, in which the dedi- 
cated NTl -TE 'U' interface chip is employed as a net- 
work termination (NT) for emulating a subscriber 
premises ISDN terminal device, - looking 'upstream' to- 
ward the central office and receiving calls placed via the 
25 central office to the directory number of the ISDN call- 
back device. In response to the placement of a call from 
an accessing device to the ISDN callback device via one 
of the bearer channels, the microcontroller generates a 
response menu of options, the selective exercising of 
30 which by the accessing user will dictate what action is 
to be taken. 

When the ISDN callback device is initially accessed 
via the NT1-TE port, the contents of the incoming call 
are searched for a prescribed precursor code to deter- 

35 mine whether the accessing device is of the type de- 
scribed in the above-referenced Soto et al application. 
If so, the precursor code will identify it as such, so as to 
allow direct digital data communications transport pro- 
tocol to be carried out between the accessing test device 

40 and the microcontroller, without the need for a CODEC. 
If this identifier is not recognized, communications are 
effected through the CODEC. Menu choices and in- 
structions from the microcontroller are generated using 
speech synthesizer, digitized by the CODEC and cou- 

45 pled therefrom to the NT1 -TE 'U' interface chip and out- 
put via the NTl -TE port. In the receive direction from the 
accessing technician's test set, digital signals are con- 
verted into DTMF tones by the CODEC and decoded by 
DTMF receiver for application to the microcontroller 

50 The dedicated NT1-TE interface may be used to 
perform either half-duplex or full-duplex connectivity 
(BER) testing of an ISDN circuit of interest. To establish 
half -duplex connectivity, a craftsperson may place a call 
from his test set, using the directory number associated 

55 with one of the two bearer channels (e.g. B1 )of the ISDN 
circuit. When the incoming call on the 81 channel is an- 
swered via the NT1 -TE 'U' chip interface, a caller ID .rou- 
tine within microcontroller will detect the calling number 
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(namely, which of the two bearer channels Is being used 
to place the call to the ISDN, callback device. Next, the 
microcontroller generates a synthesized voice-visual 
display reply message to the calling test set indicating 
the detected number (caller ID), followed by a menu of 
options available to the calling party. 

In order to exercise the second bearer channel, the 
menu includes the option to instruct the ISDN callback 
device to call back the detected number on the second 
directory number. If this option is selected by the calling 
craftsperson, the caller is instructed to enter the second 
directory number associated with the second bearer 
channel via a keypad entry of a craflsperson's test set. 
This second directory number is transmitted to the ISDN 
callback device on the already established first bearer 
channel. Using the second bearer channel's ID, the mi- 
crocontroller then places a return channel call via the 
central office over return channel to the calling test set, 
thereby allowing the technician to selectively talk on ei- 
ther channel. Once a looped communication path is pro- 
vided through the central office to the ISDN callback de- 
vice, half-duplex bit error rate testing (BERT) may be 
readily conducted from the accessing test device. 

For conducting full-duplex communications on each 
of the bearer channels of the (2B+D ISDN circuit) be- 
tween an accessing test set and the ISDN callback de- 
vice, the accessing test device must be capable of pro- 
viding a loopback on one of the bearer channels back 
to the ISDN callback device. Since the ISDN test device 
described in the above-referenced Soto et al application 
provides this capability, it may be readily employed to 
conduct such full-duplex, dual bearer channel commu- 
nications. 

To execute full-duplex, dual bearer channel BERT 
testing, the call establishment and return scenario de- 
scribed above is augmented by looping the contents of 
the return call channel back to the ISDN callbackdevice, 
and requesting a 'swap' or exchange of the contents of 
the looped back channel into the channel in the return 
direction from the ISDN callback device back to the ac- 
cessing test set. 

This operation is executed by the dual link controller 
so that the contents of the two bearer channels are ex- 
changed by means of cross-coupled, write-read opera- 
tions of a pair of buffer registers. This bearer channel 
exchange operation provides what is effectively a full- 
duplex usage of both bearer channels between the test 
201 and the ISDN callback device, so as to enable bit 
error rate testing of the full information channel band- 
width of the line through the same signal path. 

In accordance with a second operational aspect of 
the architecture of the ISDN callback device of the 
present invention, the ISDN callback device is selective- 
ly operative to emulate either line termination (LT), as 
an 'upstream' line termination device, i.e., a central of- 
fice interface (line card) looking downstream towards a 
network termination, or a 'downstream' network termi- 
nation (NT1-TE) device - a subscriber premises ISDN 



terminal device, looking 'upstream' toward a central of- 
fice line card. 

For each of these operational modes, communica- 
tions between the ISDN callback device and the circuit 
5 under test, which is coupled to the dual usage port, are 
conducted by means of the dual mode 'U' interface chip. 
For a first, NT1-TE self call mode of operation, in re- 
sponse to a command to execute a 'self call' routine, the 
ISDN callback device is employed as a network termi- 
70 nation (NT), looking 'upstream' toward the central office 
and placing a call via the central office back to itself. The 
effect of this self -call connection is similar to the full-du- 
plex, dual bearer channel connectivity between the IS- 
DN callback device and the central office, described pre- 
75 viously, so as to allow bit error rate testing of the full 
information channel bandwidth of the line through the 
same signal path. 

When the self call communications control routine 
is initiated, the ISDN callback places a call to itself on 

20 one of the two bearer channels, using the other bearer 
channel to transport the call request. Using the test tip/ 
ring bus of the central office switch, to which the ISDN 
callback device is coupled, the associated line card will 
place a call to the dialed directory number associated 

25 with the called bearer channel, namely, a looped back 
bearer channel path to the ISDN callbackdevice. When 
the incoming call on the called bearer channel is an- 
swered, the caller ID routine within microcontroller will 
detect the calling number (namely, which of the two 

30 bearer channels is being used to place the call to the 
ISDN callback device, thereby identifying the return 
channel path back to the ISDN callback device. 

The microcontroller then places a return channel 
call over the called/return bearer channel to the central 

35 office, which provides the return path to the calling 
number, namely the directory number associated with 
the calling channel. With the ISDN callback device now 
provided with dual sets of communication paths that are 
looped directly with the central office and conveying 

40 each of the two bearer channels, full-duplex bit error rate 
testing (BERT) may be readily conducted on the 'up- 
stream' portion of the ISDN circuit. 

In LT mode of operation, the ISDN callback device 
is employed as an 'upstream' line termination device, i. 

45 e., a central office interface (line card) looking down- 
stream towards a network termination. A typical com- 
mand/control sequence is sourced from parameter 
measurement interface card to conduct standard tests 
of the downstream circuit. In the LT mode, individual 

50 calls are placed over each of respective B1 and B2 
channels from the ISDN callback device to an ISDN test 
device, such as that described in the above-referenced 
Soto et al application, which loops the bearer channels 
back over return loops to the 'U' interface chip. In addi- 

55 tion, the test set loops back the control (D) channel back. 
In this mode of operation, prescribed testing (e.g., 
BERT tone generation, current measure.ment, imped- 
ance testing) of each of the individual channels of the 



4 




7 EP 0 881 

'downstream' ISDN circuit under test may be individually 
conducted. 

The invention will now be described, by way of ex- 
ample with reference to the accompanying drawings in 
which: s 

Figure 1 diagrammatically illustrates the overall ar- 
chitecture of the ISDN callback device. 
Figure 2 is a connectivity diagram of a single bearer 
channel loop established by the routine shown in io 
the associated flow chart of Figure 3, for conducting 
half-duplex testing of an ISDN circuit using the IS- 
DN callback architecture of Figure 1 ; 
Figure 4 is a connectivity diagram of dual bearer 
channel loops established by the routine shown in t5 
the associated flow chart of Figure 5, for conducting 
full-duplex testing of an ISDN circuit using the ISDN 
callback architecture of Figure 1 ; 
Figure 6 diagrammatically illustrates an operational 
aspect of the architecture of the ISDN callback de- 20 
vice of Figure 1 , in which the ISDN callback device 
is selectively operative to emulate one of a line ter- 
mination (LT) and a network termination (NT1-TE) 
device; 

Figure 7 is a connectivity diagram of dual bearer 2S 
channel loops established by the NT1-TE emulation 
routine shown in the associated flow chart of Figure 
8, for conducting full-duplex testing of an upstream 
portion of the ISDN circuit diagram of Figure 6; and 
Figure 9 is an LT mode connectivity diagram for es- 30 
tablishing respective B and D channel loops for 
BER testing of respective downstream portions of 
the ISDN circuit diagram of Figure 6. 

The overall architecture of the ISDN callback device 3S 
is diagrammatically illustrated tn Figure 1 as comprising 
a first communication port 10, to which a two-wire pair 
from an 'upstream' communication circuit such as craft- 
sperson's test set, as a non-limiting example, is con- 
nectable. Via a two-wire pair 1 1 . port 1 0 is transformer- 40 
coupled through a transformer 17 to a first (NT1-TE) 
mode 'U' interface chip 12. As will be described, 'U' in- 
terface chip 12 is employed as a network termination 
(NT) for emulating a subscriber premises ISDN terminal 
device, in a terminal equipment network termination 45 
(NT1 -TE) mode of operation. 

In this (NT1-TE) mode of operation, the ISDN call- 
back device architecture of Figure 1 may be accessed 
by a test device for conducting loopback bit error rate 
testing (BERT) of one or both bearer channels. As a so 
non-limiting example, such an accessing test device 
may comprise a test of the type described in the above- 
referenced co-pending Soto etal patent application. The 
NT1 -TE mode 'U' interface chip 1 2 is coupled via a dig- 
ital communications bus 14 to a bearer channel ex- ss 
change unit 1 3 (such as a Motorola MCI 45488 dual link 
controller chip, as a nonlimiting example). As will be de- 
scribed, bearer channel exchange unit 13 is operative 
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under processor control to exchange or 'swap' the con- 
tents of the bearer (B1 and B2) channels of an ISDN line 
under test (LUT), so that the two channels may be 
looped back through a common bearer channel trans- 
port path, and thereby allow bit error rate testing of the 
full information channel bandwidth of the line through 
the same signal path. 

Digital communications bus 14 is further coupled 
with a (NT1-TE mode-associated) CODEC 30 and as- 
sociated DTMF/speech circuitry 50/90, and to a D chan- 
nel-associated serial communications controller (SCC) 
130 of a supervisory control processor or communica- 
tions microcontroller 100. Microcontroller 100 is opera- 
tive to control the operation of the ISDN callback device 
in accordance with a supervisory control program resi- 
dent in an EEPROM 107. For this purpose, communi- 
cations controller 100, which may comprise a Motorola 
68302 serial communications controller chip, as a non- 
limiting example, contains a set of serial communica- 
tions controllers (SCCs) 110, 120 and 130. respectively 
associated with first and second ISDN bearer (81, B2) 
channel signals, and control or D channel signals. The 
SCCs are interfaced by the first. NT1 -TE mode 'U' inter- 
face chip 1 2 and a second, a dual mode (line termination 
or LT mode and NT1-TE mode) 'U' interface chip 22. 
Communications controller 100 also employs associat- 
ed memory units, including a limited storage capacity 
flash memory 108, the EEPROM 107 in which the op- 
erational software for the microcontroller is stored, and 
a random access memory (RAM) 108 for storing data 
processed by the microcontroller 1 00 and parameter da- 
ta provided by a standard line parameter measurement 
interface card 105, installable in a central office switch. 

Dual mode 'U' interface chip 22 includes a (40 KHz) 
tone generator and is coupled via a transformer 23 and 
a two-wire link 21 to a second communication port 20. 
Port 20 terminates a two-wire pair for testing an 'up- 
stream' communication circuit, such as central office line 
card, or testing a 'downstream communication circuit, 
such as one connected to a customer premises equip- 
ment (CPE). A selectively controllable 0 dBm. attenua- 
tor 24 is controllably insertable in two-wire link 21 under 
processor control in the course of conducting a 40 KHz 
tone generation. Also coupled with the transformer 23 
is a (48V) line termination battery supply 25. for control- 
lably providing a loop supply voltage to the leads of two- 
wire link 21 , as will be described. For line current meas- 
urement purposes, a current sense resistor 26 is cou- 
pled in link 21. The terminals of current sense resistor 
26 provide a differential voltage input to respective in- 
puts of a differential amplifier 27. the output of which is 
digitized via an analog-to-digital (A-D) converter 28 and 
coupled to a controller bus 28, so as to allow the loop 
current to be measured and read by the control proces- 
sor 100. The detected value is stored in RAM 108 and 
available to parameter measurement card 105, as will 
be described. 

As pointed out above, the (NT1 -TE mode-associat- 
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ed) CODEC 30, DTMF receiver 50 and speech synthe- 
sizer chip 90 are employed in association with NT1 -TE 
mode 'U' interface chip 1 2 to conduct audio signal format 
(DTMF) based NT1-TE communications with an ac- 
cessing test device, that is coupled in a communication 
path to port 10. As will be described, these communica- 
tions may include test parameter data communications 
between the central office switch's parameter measure- 
ment card 105 and the accessing test device. For this 
purpose, CODEC 30 has a digital port 31 coupled to bus 
14, and an analog output port 32 coupled to the input 
51 of a DTMF receiver 50. the output 52 of which is cou- 
pled via a link 45 to communications controller 1 00. CO- 
DEC 30 also has an analog input port 33 coupled via a 
link 34 to a telephone interface 70. Also coupled to link 
34 is speech synthesizer chip 90. which is driven by mi- 
crocontroller 100. Telephone interface 70 is a standard 
tip/ring interface unit containing line-coupling hybrid cir- 
cuitry, and is configured to provide talk battery for pow- 
ering a remote POTS-based test set that is coupled with 
the ISDN callback device via metallic tip and ring leads 
101 and 102 of a POTS network metallic pair 

Link 34 is also coupled to a DTMF receiver 80 and 
to a speech synthesizer 90. DTMF receiver 80 is oper- 
ative to decode DTMF signals from a remote device cou- 
pled to telephone interface 70 into digital format for ap- 
plication to processor 1 00, via link 81 . Such a DTMF sig- 
nalling path allows a remote test set coupled to tele- 
phone interface 70 to provide control commands into the 
callback device for programming purposes. Speech 
synthesizer 90 is operative, under processor control, to 
generate synthesized voice message signals to a net- 
work access user, such as a field technician accessing 
the ISDN callback device by way of an ISDN test set 
coupled to port 1 0. An auxiliary digital (RS 232) 1/ O port 
is provided by way of a multipin connector, such as an 
RJ-45 jack, coupled to an RS-232 transceiver 140, and 
may be used to provide digital control and programming 
of the callback device via a digital terminal device, such 
as portable personal computer. 

A second (LT mode/NTI -TE mode-associated) CO- 
DEC 40 has an analog port 41 coupled via an audio link 
42 to line parameter measurement interface card 105. 
Data communications between the line parameter 
measurement interface card 105 and microcontroller 
1 00 are conducted via a data/address bus 1 52 to which 
the bearer channel exchange unit 13 is also coupled. 
CODEC 40 has a digital port 43 coupled via link 44 to 
dual mode 'U' interface chip 22 and to serial communi- 
cation controllers 110 and 120 of microcontroller 100. 

The ISDN callback device of the present invention 
is configured and programmable to enable the device to 
selectively respond to and initiate ISDN-based commu- 
nications for determining individual or full bandwidth 
performance of an ISDN communication circuit of inter- 
est. Command/response message exchanges may be 
conducted using ISDN bearer channel (B1) and (82) 
signalling over the ISDN circuit to which the test set has 



been connected. Alternatively commands and program- 
ming may be supplied via interface 70 or auxiliary digital 
data signalling (RS-232) interface 120. 

Figures 2-5 include the default mode of the ISDN 

5 callback device of the present invention is NT1-TE 
mode, in which the NT1-TE 'U' interface chip 12 is em- 
ployed as a network termination (NT) for emulating a 
subscriber premises ISDN terminal device (looking 'up- 
stream' toward the central office and receiving calls 

10 placed via the central office to the directory number of 
the ISDN callback device). In this (response) mode of 
operation, a call is placed from an accessing device, 
such as a craftsperson's test unit, via the central office 
to the ISDN callback device via one of the bearer chan- 

15 nels, and the communications controller 100 generates 
a response menu of options, the selective exercising of 
which by the accessing user will dictate what action is 
to be taken by the ISDN callback device architecture of 
Figure 1 . 

20 When the ISDN callback device is initially accessed 
via the NT1-T;E port 10, the communication control rou- 
tine executed by microcontroller 100 performs a default 
search for a prescribed precursor code within the mes- 
sage from the accessing device. In particular, if the ac- 

25 cessing device is of the type described in the above- 
referenced Soto et al application, the precursor code will 
identify it as such, so as to allow direct digital data com- 
munications transport protocol to be carried out be- 
tween the accessing test device and the microcontroller 

30 1 00, without the need for CODEC 30. If this identifier is 
not recognized, communications are effected through 
the CODEC 30. Menu choices and instructions from mi- 
crocontroller 100 are generated using speech synthe- 
sizer 90, digitized by CODEC 30 and coupled therefrom 

35 to 'U' interface chip 1 2 and output via port 1 0. In the re- 
ceive or incoming direction from the accessing techni- 
cian's test set, digital signals received at port 10 are con- 
verted into DTMF signals by CODEC 30 and decoded 
by DTMF receiver for application to microcontroller 1 00. 

40 As a non-limiting example of a typical NT1 -TE com- 
munication sequence that may be conducted between 
the ISDN callback device of the present invention and 
an accessing test set, consider the case of initially in- 
stalling an ISDN line to a customer premises. When an 

^5 ISDN line is initially installed, it is desirable to test the 
operability or prequalify the line prior to subscriber use. 
A half-duplex connectivity diagram illustrated in Figure 
2 may be realized using the ISDN callback device of the 
invention to execute the routine illustrated in the flow 

50 chart of Figure 3. 

As shown therein, at a first step 301. using one of 
the two directory numbers respectively associated with 
the (B1 ) and (B2) bearer channels of the customer's IS- 
DN terminal equipment, the craftsperson located at the 

55 customer premises places a call from his test set 201 . 
via central office 202, using the directory number asso- 
ciated with that bearer (e.g, 81 ) channel 203 to the ISD.N 
callback device architecture of .Figure 1 , shown at 205. 
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When the incoming call on Bl channel 203 to port 10 is 
answered (via the NT1 -TE 'U' chip interface 1 2), in step 
303, the caller ID routine within microcontroller 100 will 
detect the calling number (namely, which of the two 
bearer channels (here channel Bl) is being used to 
place the call to the ISDN callback device 205. In step 
305, the response routine executed by microcontroller 
100 generates a synthesized voice reply message indi- 
cating the detected number (caller ID), followed by a 
menu of options available to the calling party. 

In order to exercise the second bearer channel 
(here channel B2) of the ISDN circuit, the menu includes 
the option to instruct the ISDN callback device 205 to 
call back the detected number on the second bearer 
channel, (second directory number), as shown by query 
step 307. If this option is selected by the calling craft- 
sperson, the answer to query step 307 is YES, and the 
caller is instructed to enter the second directory number 
associated with the second bearer channel (via a key- 
pad entry of a craftsperson's test set), as shown at step 
309. 

In step 311. this second bearer channel identifier 
(the directory number of channel 82) that has been en- 
tered by the craftsperson and transmitted to the ISDN 
callback device 205 on Bl channel 203 is transmitted to 
the ISDN callback device 205 (via the already estab- 
lished first bearer channel Bl by way of which the tech- 
nician accessed the callback device in step 301 ). Using 
the second bearer channel's ID, in step 313, the micro- 
controller 100 places a return channel call via the cen- 
tral, office 202 over return channel 207 to the calling test 
set 201, thereby allowing the technician to selectively 
talk on one bearer channel (Bl ) and listen on the other 
(B2). 

With the accessing test set 201 now provided with 
a looped communication path through the central office 
202 to the ISDN callback device 205, employing one of 
the two bearer channels (e.g., channel Bl ) for test set- 
to-ISDN callback device signalling and the other of the 
two bearer channels (e.g., channel B2) for ISDN call- 
back device-to-test set signalling, half-duplex bit error 
rate testing (BERT) may be readily conducted from the 
accessing test device 201 . 

In addition to providing for BERT signalling via two 
half-duplex bearer channels of the ISDN circuit under 
test, as diagrammatically shown in Figures 2 and 3, de- 
scribed above, the ISDN callback device of the invention 
is also capable of providing full-duplex communications 
on each of the bearer channels of the (ISDN circuit) be- 
tween an accessing test set 201 and the ISDN callback 
device 205. as illustrated diagrammatically in Figure 4. 
In this full-duplex, dual channel loopback mode, the ac- 
cessing test device 201 must be capable of providing a 
loopback on one of the bearer channels back to the IS- 
DN callback device 205, as indicated by the loopback 
of bearer channel B2 over return path 211 in Figure 4. 
Since the ISDN test device described in the above-ref- 
erenced Soto et al application provides this capability, it 



may be readily employed to conduct such full-duplex, 
dual bearer channel communications. 

To execute full-duplex, dual bearer channel BERT 
testing, the call establishment and return scenario de- 
5 scribed above with reference to the flow chart of Figure 
3 is augmented by looping the contents of the return call 
channel 207 (e.g., channel B2 used by the ISDN call- 
back device to call back the accessing test set in step 
313) back to the ISDN callback device 205, and. re- 
10 questing a 'swap' or exchange of the contents of the 
looped back (B2) channel 211 into the (Bl) channel in 
the return direction, over path 213 from the ISDN call- 
back device back 205 to the accessing test set 201 . 

This operation, as carried out by the dual link con- 
troller 13 of Figure 1, is diagrammatically illustrated in 
Figure 5, wherein the contents of the two bearer chan- 
nels are exchanged by cross-coupled, write-read oper- 
ations of a pair of buffer registers 501 and 502 of the 
dual link controller 13. As shown in Figure 5. a respec- 

20 tive Bl channel data packet 511 received on channel 
203 from the test set 201 is buffered in register 501 , and 
transmitted out on return path 207 to the test set as a 
respective B2 channel data packet 512. Conversely, a 
respective 82 channel data packet 522 received on 

25 channel 211 from the test set 201 is buffered in register 
502, and transmitted out on return path 21 3 to the test 
set 205 as a respective Bl channel data packet 521. 
This bearer channel exchange operation provides what 
is effectively a full-duplex usage of both bearer channels 

30 between the test set 201 and the ISDN callback device 
105, so as to enable bit error rate testing of the full in- 
formation channel bandwidth of the line through the 
same signal path. , 

Figure 6 diagrammatically illustrates a second op- 

35 erational aspect of the architecture of the ISDN callback 
device of the present invention, in which the ISDN call- 
back device, shown at 601, is selectively operative to 
emulate one of a line termination (LT), as an'upstream' 
line termination device, i.e., a central office interface 

40 (line card) looking downstream towards a network ter- 
mination 603 (such as the test set described in the 
above-referenced Soto et al application), and a second, 
'downstream' network termination (NT1-TE) device - a 
subscriber premises ISDN terminal device (looking 'up- 

45 stream' toward a central office line card 605). 

As pointed out above in the description of Figure 1 , 
for each of these operational modes, communications 
between the ISDN callback device and the circuit under 
test, which is coupled to the ISDN callback device via 

50 port 20, are conducted by means of 'U' interface chip 
22, and allow the ISDN callback device to test either that 
portion of the ISDN circuit that is relatively 'upstream' to 
the ISDN callback device (i.e., toward the central office, 
as diagrammatically illustrated in Figure 7), or that por- 

55 tion of the ISDN circuit that is relatively 'downstream' to 
the ISDN callback device (i.e., toward a network termi- 
nation, such as a test device, as diagram.maticaNy 
shown in Figure 9). 
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In this mode of operation, in response to a com- 
mand to execute a 'self cail' routine, via 'U' chip 22 and 
port 20, the ISDN callback device is employed as a net- 
work termination (NT) for emulating a subscriber 
premises ISDN terminal device, looking 'upstream' to- 
ward the central office and placing a call via the central 
office back to itself. Such commands may be provided 
from an auxiliary test set coupled to telephone interface 
90, a computer terminal coupled to the RS-232 interface 
140, or from parameter measurement interface card 
105. As will be described, the effect of this self-call con- 
nection is similar to that of Figure 5, described above; 
here, full-duplex, dual bearer channel connectivity is ef- 
fectted between the ISDN callback device and the cen- 
tral office, thereby allowing bit error rate testing of the 
full information channel bandwidth of the line through 
the same signal path. 

At a first step 801 of the self call communications 
control routine shown in the flowchart of Figure 8, using 
one of the two directory numbers respectively associat- 
ed with the (B1 ) and (B2) bearer channels of the ISDN 
circuit under test (e.g., channel B1, as shown by path 
703 in Figure 7), the ISDN callback device 205 places 
a cail to itself, calling the directory number associated 
with the other of the pair of bearer channels (here the 
B2 channel). Via the test tip/ring bus of the central office 
switch, to which the ISDN callback device is coupled, 
the associated line card will receive the call request on 
the one of the two directory numbers (e.g., associated 
with the B1 channel) and place a call to the dialed direc- 
tory number (e.g., associated with the B2 channel), 
namely, thereby effecting a looped back bearer channel 
path 705 to the 'U' chip 22 via port 20 of the ISDN call- 
back device. 

When the incoming call on the B2 channel to port 
20 from the central office line card is answered (via the 
NT1 -TE mode 'U' chip interface 22), in step 803, the call- 
er ID routine within microcontroller 100 will detect the 
calling number (namely, which of the two bearer chan- 
nels (here channel B1 ) is being used to place the call to 
the ISDN callback device 205 (and thereby identifying 
the return channel path 709 back to the ISDN callback 
device). 

Next, in step 805, the microcontroller 100 loops the 
call back over the return B2 channel 707 to the central 
office 202, which provides the return path to the calling 
number, namely the directory number associated with 
the calling B1 channel, as shown by the central office- 
to-ISDN callback device return path 709. With the ISDN 
callback device 205 now provided with communication 
paths 703 - 705 - 707 - 709, that are looped directly with 
the central office 202 and conveying each of the two 
bearer channels, full-dupiex bit error rate testing (BERT) 
may be readily conducted on the 'upstream' portion of 
the ISDN circuit, as shown in step 807. 

In this mode of operation, in response to a com- 
mand to execute a 'downstream loopback' routine, via 
'U' chip 22 and port 20, the ISDN callback device is em- 



ployed as an 'upstream' line termination device, i.e., a 
central office interface (line card) looking downstream 
towards a network termination (such as the test set de- 
scribed in the above-referenced Soto et al application). 

5 Again, such commands may be provided from an aux- 
iliary test set coupled to telephone interface 70, a com- 
puter terminal coupled to the RS-232 interface 140, or 
from the parameter measurement interface card 105. A 
typical command/control sequence is sourced from pa- 

10 rameter measurement interface card 105, to conduct 
standard tests of the downstream circuit, via CODEC 40 
and 'U' interface 22. 

In Figure 9, individual calls are placed over each of 
respective B1 and B2 channels 901 and 903 from the 

15 ISDN callback device 205 to an ISDN test device 201 . 
such as that described in the above-referenced Soto et 
al application (or NT1 ), which loops the bearer channels 
back over return loops 902 and 904 to the 'U' chip 22 of 
the ISDN callback device 205. In addition, the test set 

20 loops back the control (D) channel back over looped 
paths 905 and 906, as shown. In this mode of operation, 
prescribed testing (e.g., BERT, tone generation, current 
measurement, impedance testing) of each ISDN circuit 
under test. 

25 The ISDN callback device of the present invention 
is configured to enable prequalification and testing of 
ISDN telephone circuits, that may be either relatively up- 
stream of the ISDN callback device - toward a central 
office line card, or relatively downstream of the ISDN 

30 callback device - toward a network termination, such as 
a crafts person's test set or customer premises equip- 
ment. 

Advantageously, the ISDN callback device of the 
present invention is configured to be readily interfaced 

35 with and function in cooperation with the portable test 
set described in the above-referenced, co-pending Soto 
et al application. What is provided therefore is a practical 
communications architecture, that is readily coupled 
with the test tip/ring bus a central office switch, and is 
operative to fulfill the current need for equipment that 
enables telephone lines carrying ISDN signals can to be 
prequalified prior to being placed in service and, once 
in service, readily tested to isolate the source of a prob- 
lem. By virtue of the two respective communication/test 

45 interfaces, the callback device facilitates network termi- 
nation mode operations, for emulating a subscriber 
premises ISDN terminal device, in a terminal equipment 
network termination (NT1-TE) mode of operation, and 
the ability to be selectively operable as either a network 

50 termination (NT1 -TE) mode circuit, or a line termination 
(LT) mode circuit. 

An ISDN callback device installable in a telephone 
network facility, and configured to pre-qualify and test 
ISDN telephone circuits, that either relatively upstream 

55 of the ISDN callback device (toward a central office line 
card), or relatively downstream of the ISDN callback de- 
vice (toward a network termination, such as a craftsper- 
son's test set or customer premises equipment). The IS- 



8 




15 EP0 881 

DN callback device contains two, individually controlla- 
ble communication/test interfaces, one of which is op- 
erative to emulate a subscriber prennises ISDN terminal 
device, in a network termination (NT1-TE) mode of op- 
eration, and the other of which is controllably operative 5 
as either a network termination (Nil -TE) mode circuit, 
or a line termination (LT) mode circuit. 



Claims 10 

1. An ISDN callback device for controllably testing an 
ISDN circuit, comprising a first communication In- 
terface having a first port to which an ISDN circuit 
under test is connectabie, and which is controllably i5 
operative as an ISDN network termination device to 
conduct ISDN test communications with a test de- 
vice accessing said. ISDN callback device by way 

of said first port, and a second, dual mode commu- 
nication interface having a second communication 20 
port to which an ISDN circuit under test is connect- 
abie, and which is operable as either an ISDN net- 
work termination device to conduct ISDN test com- 
munications over an ISDN circuit coupled to said 
second port, or as a line termination (LT) device ter- 25 
minating an ISDN circuit coupled to said second 
port. 

2. An ISDN callback device as claimed in claim 1, 
wherein said first communication interface is oper- 30 
ative to exchange contents of respective bearer 
channels of an ISDN circuit coupled to said first port, 

so that said respective two bearer channels may be 
looped back through a common bearer channel 
transport path terminated by said first port, and al- 35 
low bit error rate testing of the full ISDN information 
channel bandwidth of the ISDN circuit coupled to 
said first port, and preferably said first communica- 
tion interface is operative to perform half-duplex 
connectivity (BER) testing of an ISDN circuit cou- 40 
pled to said first communication port, or said first 
communication interface is operative to perform 
full-duplex connectivity (BER) testing of an ISDN 
circuit coupled to said first communication port. 

45 

3. An ISDN callback device as claimed in claim 1 or 2, 
wherein said second, dual mode communication in- 
terface is configured to perform electrical parameter 
measurements on an ISDN circuit coupled to said 
second port, in which said electrical parameter 
measurements include tone generation and current 
measurement, and said second, dual mode com- 
munication interface is configured to supply line 
voltage to a metallic circuit coupled to said second 
port. ^ 55 

4. An ISDN callback device according to claim 1, 
wherein said first communication interface is con- 
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figured to conduct direct digital data communica- 
tions with a digital communication-based test set 
terminating an ISDN circuit coupled, to said first 
port, in which said first communication interface in- 
cludes codec and voice/DTMF processing circuitry 
for performing data communications with a test set 
terminating an ISDN circuit coupled to said first port. 

5. An ISDN callback device as claimed in any one of 
claims 1 to 4, including a third, telephone interface 
having a third port for terminating a POTS line, said 
telephone interface being coupled to said first com- 
munication interface, and being operative to pro- 
vide a communication path for a test set providing 
control commands via said third port for program- 
ming said ISDN callback device. 

6. An ISDN callback device for controllably testing an 
ISDN circuit, comprising a first communication in- 
terface having a first port to which an ISDN circuit 
under test is connectabie, and which is controllably 
operative as an ISDN network termination device to 
conduct ISDN test communications with a test de- 
vice accessing said ISDN callback device by way 
of said first port, said first communication interface 
being operative to exchange contents of respective 
bearer channels of said ISDN circuit, so that said 
respective two bearer channels may be looped back 
through a common bearer channel transport path 
terminated by said first port, and provide full-duplex 
connectivity (BER) testing of said ISDN circuit, so 
as to allow bit error rate testing of the full ISDN in- 
formation channel bandwidth of said ISDN circuit. 

7. An ISDN callback device as claimed in claim 11 , in- 
cluding a second, dual mode communication inter- 
face having a second port to which an ISDN circuit 
under test is connectabie, and which is operable as 
either an ISDN network termination device to con- 
duct ISDN test communications over an ISDN cir- 
cuit coupled to said second port, or as a line termi- 
nation (LT) device terminating an ISDN circuit cou- 
pled to said second port, in which said second, dual 
mode complication interface is configured to per- 
form electrical parameter measurements on an IS- 
DN circuit coupled to said second port, and said first 
communication interface is configured to conduct 
direct digital data communications with a digital 
communication-based test set terminating said IS- 
DN circuit coupled to said first port. 

8. An ISDN callback device for controllably testing an 
ISDN circuit, comprising a dual mode communica- 
tion interface having a port to which an ISDN circuit 
under test is connectabie, and which is controllably 
operative as either an ISDN network termination de- 
vice to conduct ISDN test communications over a 
first portion of said ISDN circuit, or as a line termi- 
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nation (LT) device terminating a second portion of 
said ISDN circuit, in which said dual mode commu- 
nication interface is configured to perform electrical 
para meter measurements on an ISDN circuit cou- 
pled to said port, and is configured to supply line s 
voltage to a metallic circuit coupled to said port, and 
said electrical parameter measurements include 
tone generation and current measurement. 

9. A method of testing an ISDN circuit, comprising the to 
steps of: 

(a) coupling said ISDN circuit to a first commu- 
nication interface which is controllably opera- 
tive as an ISDN network terrmination device to '5 
conduct ISDN test communications with a test 
device; 

(b) accessing said ISDN network termination 
device and causing said first communication in- 
terface to exchange contents of respective 20 
bearer channels of said ISDN circuit, so that 
said respective two bearer channels are looped 
back through a common bearer channel trans- 
port path; and 

(c) performing full-duplex connectivity BER 25 
testing of said ISDN circuit by way of said com- 
mon bearer channel transport path of said two 
looped back bearer channels. 

10. A method as claimed in claim 9, wherein step (b) 30 
comprises placing a call from a telephone test set 

to said first communication interface via a first bear- 
er channel of said ISDN circuit, and placing a return 
call from said first communication interface via a 
second bearer channel of said ISDN circuit to said 35 
telephone test set, and wherein step (c) comprises 
performing full-duplex connectivity BER testing of 
said ISDN circuit by way of said common bearer 
channel transport path of said two looped back first 
and second bearer channels of said ISDN circuit. 

11. A method of testing an ISDN circuit, comprising the 
steps of: 

(a) providing a dual mode communication inter- ^5 
face having a port to which an ISDN circuit un- 
der test is connectable; and 

(b) selectively configuring said dual mode com- 
munication interface as one of an ISDN network 
termination device and a line termination de- so 
vice, and conducting ISDN test communica- 
tions over a first portion of said ISDN circuit 
containing a line termination, where said dual 
mode communication interface has been con- 
figured as said ISDN network termination de- 55 
vice, or conducting ISDN test communications 
over a second portion of said ISDN circuit con- 
taining a network termination, where said dual 



mode communication interface has been con- 
figured as said line termination device. 

12. A method as claimed in claim 11 , wherein step (b) 
comprises selectively configuring said dual mode 
communication interface as said network termina- 
tion device, and conducting ISDN test communica- 
tions over said first portion of said ISDN circuit, and 
also step (b) comprises placing a call on a first bear- 
er channel of said ISDN circuit from said dual mode 
communications interface to a directory number as- 
sociated said second bearer channel and identify- 
ing said dual mode communications interface, so 
as to establish full-duplex, dual bearer channel con- 
nectivity between said dual mode communications 
interface and said line termination via a loop path 
containing said first and second bearer channels 
over said first portion of said ISDN circuit, thereby 
providing for bit error rate testing of the full informa- 
tion channel bandwidth of said first portion of said 
ISDN circuit. 

13. A method as claimed in claims 11 or 12, wherein 
step (b) comprises selectively configuring said dual 
mode communication interface as said line termi- 
nation device, and conducting ISDN test communi- 
cations over said second portion of said ISDN cir- 
cuit, and includes conducting electrical parameter 
measurements on said ISDN circuit, and further in- 
cludes supplying line voltage to metallic leads of 
said ISDN circuit. 

1 4. A method as claimed in claim 1 3, wherein said elec- 
trical parameter meas urements include tone gen- 
eration and current measurement, in which step (b) 
comprises placing calls from said dual mode com- 
munication interface over each of respective bearer 
and control channels to an ISDN test device, which 
loops said bearer and control channels back over 
return paths to said dual mode communication in- 
terface. 
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